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Background. Coronary bypass urgery has been performed for 
>20 ymrs; we need to know the expected wtcome of a ver, 
tong.term foltew-up. 
Mctimdx ilsing actuarial techniques, ne determined the out- 
ceme cd corenary bypass surgery performed for chronic stable 
end unstable angina in 7,529 patients frem 1969 to 1988. 
Rend& The 5.. 10.. IS- nod Z&year survival rates (mean t 
SE) were 88 + 1, 73 f 1, 53 t 1 and 38 + 3%, respectively, for 
the wbete greep. Compared with palientr operated en lo I974 te 
1988 (n = 7,026), patients operated win 1969 to 1973 (n = 5031 
~yere younger nod had less coronary artery diseu but had P 
h&r operative mortality rate and a shortr: long-term survival 
tint, 15. and lO.year survival of the 1969 to 1973 cohort was 47 t 
2% and 33 k 3%. rqectivcly. The 1974 to 19.98 cohort of 
tiv&. For 2.128 &tents wih“ood” left yen 
the 10. and t5-year survival probability wa S2 + 
3%, respectively, aad for 2,413 patients with “‘a 
ventricular function, it was 64 t 1% and 47 -c 3%, rqectively 
(p < O.oM)l): for me0 it war74 * 1% and56 + 2%. rqectivdy, 
and for wm”e”, 70 = 2% ud 52 k 5%. rapdiveiy, p < 4.06. 
The actuarial e=ercata~ o( reweretimt end myeardial lnhrrr 
tiwat15y~neR3S+Z%n;ldI+L%,rerprtiveir: 
vaiuff did net ditkr sigsdlkaSy between men and wemen. There 
arc3 a sigrdficmd (p c O.WI) diEen¶ce betwal meB awi VoIBen 
in angina status: 81% ofthemmversuc74% ofthe b%dwJ 
angina or mild aogbm at the me& recent Idlowup study. 
Conclusions. Comeeq bypaw snrgwy iE se e&dive 
therapy for an&a (for 15 to 20 years) in betb mm and 
(, An Colt Ce&oi X+93$1:151-71 
Coronary bypass urgery has been performed for 120 years 
and has been shown to relieve angina nod myocardial 
ischemia more effectively than medical therapy in patients 
with chronic stable and unstable angina (I-3). It has also 
been shown to prolong life at the S-year and IO-year 
follow-up periods in selected subgroups of patients (4-8). 
Most long-term follow-up studies have provided data up to 
10 years postoperatively (4-11). However, Lawrie and co- 
workers (12) recently presented the 2Oyear results of pa- 
tients operated on between lP68 and 1975. We have previ- 
ously documented that results of surgery up to 4 years of 
follow-up study were worse in those operated on in I%9 to 
1973 than in those operated on in 1974 to 1979 (13). 
The purpose of this study wes to analyze the results of 
coronary bypass surgery et B single institution over a very 
long term to I) obtain IS- to XI-year follow-up data: 2) assess 
whether the long-term results of surgery performed in 1974 
and later were better than those ofsurgery petformed in 1969 
to 1973, and 3) evaluate the long-term survival and functional 
results of those operated on from 1974 to 1988 because these 
data might be more applicable to the expected results in 
patients operated on in the more recent era of coronary 
bypass surgery. 
Methods 
From January I%9 through December 1988. isolated 
coronary bypass surgery was performed io 9,128 patients at 
the Heart Institute, St. Vincent Hospital Medical Center. 
There were 256 operative deaths (that is. within 30 days of 
ooeratioo. includinp, death after discharge or later than 30 
days if a direct result of the operation) for an operative 
mortality rate of 2.8%. Of the 9.128 patients, 7,529 under- 
went coronary bypass surgery primarily for angina and were 
classified as having chronic stable or unstable angina accord- 
ing to criteria established in 1979 (9). These patients with 
angina are described in this report. 
Angina was defined in the standard manner. We included 
two clinical subgroups in the category of patients with 
unstable angina (9): 1) patients with pain at resl, and 
2) patients with pain of recent onset. The rationale for 
including these clinical subgroups, their definition, medical 
treatment received, definition of “abnomtal” let? ventricular 
function and surgical techniques have been described in 
detail previously (9); some of these data will be summarized 
here. However, patients who had angina sonn after myocar- 
dial infarction are excluded because they were recently 
described in detail elsewhere (14). 
Patients with aoginal pain at rest had pain that was severe 
enough to warrant admission to the coronary care unit. They 
invariably had at least one documented episode of pain that 
was accdmpanied by transient electro&diogmphic (ECG) 
changes;acote myowdial infarction was excluded (9). Pain 
of recent onset that was progressive was considered to be 
present when attginal pain had started during the month 
before operation or the pattern of angina changed suddenly 
io that month and was of increasing severity, duration or 
frequency despite medical treatment (9). Left ventricular 
function was considered abnormal if left ventricular end- 
diastolic pressure was al5 mm Hg or if left ventricular wall 
motion was assessed as abnormal on subjective analysis of 
the left ventriculogram (9). 
In the last 5 years, a progressively detemdned effort was 
made to use the internal mammary artery as the conduit for 
the graft whenever it was feasible to do so. A revascolariaa- 
tion index was caicolated (9) as the ratio of the number of 
vessels grafted to the number of obstructed arteries idettti- 
fied on coronary arteriography or by surgical examination. 
Coronary arteries with a reduction in lumen diameter of 
aJG% were. considered to be obstructed; this reduction 
corresponds to a reduction of ~75% in the cross-sectional 
area of the arterial lumen. 
Data were entered into a computer and, if there was a 
concern about the data, the original data were reviewed. 
Many angiagrams were not available for review at the time 
of data entry into the computer, primarily because they bad 
been returned to the referring cardiologist; thus, details 
could not be confirmed (9). Therefore. when the eatients 
were classified on the basis of the no&w of ve&ls in- 
volved, the number of patients did not equal the total 
number of patients operated on. In a small number of 
patients, the left ventricular angiogmms could not be evalu- 
ated primarily because of an arrhythmia that occurred during 
the ventriculographic study. Therefore, the sum of the 
patients with “nonil” or “abnormal” function does not 
equal the total number of patients (9). 
Follow-up questionnaires were sent annually to the pa- 
tients. More intense follow-up study with questionnaires, 
review of hospital records and telephone interviews with 
patients, family or physicians was provided as needed. 
Diagnosis of myocardial infarction after hospital discharge 
was made by review of hospital records if patients gave a 
history of myocardial infarction or of hospital admission. 
Standard historical, ECG and enzymatic criteria were used 
in making this diagnosis. Current follow-up stidy (Jaouacy 
1990 to March 1991) was complete for 89% of all patients: 
89%. 87%, 90% and 90% for patients operated on during 1%9 
to 1973, 1974 to 1978, 1979 to 1983 and 1984 to 1988, 
respectively. In addition, data from previous follow-up con- 
tacts were usually available for the other 11% of patients as 
Tab* 1. Age and Gender Distribution and Frequency of Risk 
Factors in Various Time Intervals 
well, that is, those in whom follow-up was not available in 
the period from January 1990 to M&h 1991. 
Stathtiul methods. Survival probabilities and standard 
errors were estimated by the l&table method (15). Actuar- 
ial curves were compared with the Lee-Dew statistic (161. 
Chi-square statistics were used to compare categoric vari- 
ables and analysis of variance for continuous variables. 
Two-tailed tests were used, and a r value 10.05 was not 
RcSUltS 
Preoperative Findings 
The age and gender distribution and frequency of various 
risk factors for the three patient cohorts (the total group 
operated on in I%9 to 1988 and those operated on in 1969 to 
1973 or in 1974 to 1988) are shown in Table 1. Type of 
angina, previous coronary bypass surgery, exteot of coro- 
nary artery disease, left ventrkular function, number of 
grafts and revascularization index for the tltree groups are 
shown in Table 2. 
Total patient mhorl(1969 to 1988). For the total cohort of 
7,529 patients. the operative mortalitv rate was 2.4%. The 
20-y.& survival probability (mean 1 SE) was 38 * 3% 
(Tables 3 and 4; Fig. 1). The mortality rate averaged 3.2%/ 
year; in the 1st IO years it averaged 2.7%lyeyear and in years 
I I to 20 it averaged 3.5%/year. 
Early pa&at cabaft (1969 ta 1973). The operative mor- 
tality rate was 7.0% and the 2O-year survival probability was 
33 ? 3% these rates were worse than those for the total 
cohon of patients. 
Euly (1969 to 1973) versus late (1974 to 1988) patient 
c&orls. The operative mortality and late survival proba- 
bility (5-, IC and 15.year survival) for the 1974 to 1978. 1979 
to 1983 and 1984 to 1988 cohorts were similar (Tables 3 
and 4) and thus are combined into a single cohort 1974 to 
1988. 
The operative mortality rate for the 1974 to 1988 cohort of 
patients was 2.1% (vs. 7.0% for the I%9 to 1973 cohort. p i 
O.OW) and the survival probability up to IS yearn was 
‘Table 3. Opmtive Mortality Over 20 Years and in Various 
Time Perk& 
significantly better than for the I%9 to 1973 cohon (55 * 2% 
vs. 47 + 2%. p i 0.0001). The reduction in operative 
mortality rate and imoroved IS-year survival rxobability 
occur& despite the f&t that in the period 1974 ;o 1988, i
compared with the period I%9 to 1973, the patients were 
older (61.1 + 9.9 vs. 53.7 2 8.3 years, p < 0.0001) and had 
a higher incidence of disease involving three OF more vessels 
or left main coronary artery (67% vs. 42%. p < O.OOW 
I rabies I and 2). 
Late patient cohort (1974 lo 1988). Operative mortofify. 
One hundred forty-seven of the 7,026 patients in the late 
cohort died within I month of operation for an overall 
operative mortality rate of 2. I%. Operative mortality for 
patients in various subgroups characterized by extent of 
coronary artery disease, left ventricular function. gender, 
age and type of angina is shown in Table 5. 
Actuarial survival. The long-term survival data. includ- 
ina ooerative mortality, for all patients in the late cohort are 
shovk in Figure 2. The sm’viv~l data for patients classified 
by left ventricular function, gender and age are shown in 
Figures 3. 4 and 5, respectively. Survival probabilities in 
various subgroups of patients by extent of coronary artery 
disease. left ventticular function, gender, age and type of 
angina we shown in detail in Table 6. 
Reoperadon, lore myocordiol infarcfion and o:eino sra- 
tus. The incidence of reoperation and of late myocaoiial 
infarction is shown in Figures 6 and 7. The reopemtion 
Fiigure 1. Total cohon. Actuarial survival of all pientsopemted on 
from I%9 to 1988. Imo relates to survival after accounting for 
operative mortality; for detinidon of operative mortality. s5e text. 
Post-op = postoperative: Pk. = patients. 
and myocardial infarction rates averaged 0.6%/year and 
1.2%/year for postopzative years 1 through 5; 2.5%/year 
and Z.O%/year for postoperative years 6 through IO; and 
3.S%/year and 2.O%/year for postoperative years II through 
Figure 2. Lale cohon. Actuarial survival of all patienls operated on 
fmm 1974 to 1988. Abbnvialiom as in Figure 1. 
Fii 3. Late cohon. Actuarial survival by left ventricular (Lv) 
function for patients operated on fmm 1974 10 1988. Abbreviadons 
as in Figure I. 
15, respectively. The incidence of reoperatian at 10 years for 
me” and women was 16 * I and 19 k 2%, and at 15 years it 
was 34 2 2 and 31 + 4%. respectively (p = 0.1). The 
incidence of myacardial infarction for me” and wme” at 10 
years was 16.1% and 16.2%, and at 15 years it was 26 -k 2 
and 26 + 4%, respectively (p = 0.6). 
At the end of the f&w-up period, 58% of patients were 
totally asymptomatic, and 22% were minimally symptom- 
atic; 1.5% had angina with ordinary exertion, and 6% were 
disabled by an@na that occurwJ with mild exertion. There 
was a @itkant dilknce (p c 0.001) bewee” me” and 
women in angina status: C&% of me” were in New York Heart 
Asscciatio” functional class I, 21% in class II, 13% in class III 
and 5% in class IV, compared with 48% of w”me” in class I, 
Z% in class II, 19% in class 111 and 8% in class IV. 
Discussion 
Our data show that I) the overall l&year survival prob- 
ability after coronary bypass surgery is 38% 2) those “per- 
ated on in I%9 to 1973 (early cobon) had a IS- and 2O.year 
survival probability of 47% and 33%, respectively; 3) the 
Flgwx 4. Late cohort. Actuarial survival by gender for p&ems 
opw.ted on from !974 to 1938. Abbreviadons as in Figure I. 
Figarc 5. Late cohort. Actuarial survival by age group for patiena 
operated on from 1974 to 1988. Abbreviations as in Figure 1. 
7,026 patients operated on in 1974 to 1988 (late cohort) had 
an operative mortality rate of 2.1% and a IS-yes survival 
probability of 55%. In the follow-up years I to 5.6 to IO and 
Table 6. Late Survival Probabilities for the Late (1974 to 1988) 
Cohort Expressed as Percentages (mean + SE) 
Survival t9M - 
II to 15. the annual reooeration rate was 0.6%. 2.5% and 
3.510, respectively, and that of myocardial infarction wan 
1.2%. 2.0% and 2.0%. respectively. Those with abmxtttal 
left ventricular function, more vessels with disease and older 
age had a lower IS-year survival probability; and 4) women, 
when compared with men, had a bi&r operative mortality 
(2.8 vs. I.%), lower 15.year swvi me ~rrMility (52 vs. 
56%) and a lower incidence of INI J x&Id aughta (74 vs. 
Rl%). However, the incidence at IS years of reoperation 
(3 I% and 34%) and of myocxdial infarction (26% and 26%) 
was similar. 
There are no 20.year data in a comparable ~rmtp of 
patients treated medically with which to compare the present 
results. The large randomized trials of coronary bypass 
surgery have provided very useful data (3,6-S). However, 
several orablems (4.17.181 and. in wtictdar. the We nun- 
ba of pkents who. h&c&d &er from the me&l to 
the surgical group at 10 yeas (3.4,~8,17,19 make the 
comparison of surgical and medical treatment dilkult. l’btts, 
data >I0 years after surgery will probably be obtained only 
from good, large data bases. 
In our stud; during the 20year period, operative mortal- 
itv initiallv was bitdter. and in the last 10 was it was 52%. 
Ai with &e s&&j (19), opwative m&taliIy with cow 
nary bypass surgety is related to overall operative expertise, 
health care delivety factors and patient-related facton. The 
high operative mortality in the 1st 5 years of this study was 
probably related to the kuning phase of this pmcedttre. 
Over the next IS years. despite the patients’ older age and 
Figure 7. Late cotton. Cumulative incidence of reowmtion for 
patients who had their initial operation in 1974 to 1983. Abbretia- 
dons as in Figure I. 
greater number of vessels with disease in the patients, 
operatire motiiy decreased in the hands of a relatively 
constant, experienced and homogeneous group of surgeons. 
Nevertheless, patients with abnormal left ventricular func- 
tion, more vessels with severe disease, women and alder 
patients had a higher operative mortality rate (Table 5). 
The present report extends our early report (131, which 
had shown thal the short-tarn survival probability of pa- 
tients operated on in the “learning phase” (early cohort, 
1969 to 1973) was worse than for those in the late cohort 
(1974 to 1978). Patients in the early cohort had a poorer 
long-term survival rate than patients in the total conort or in 
the late cohort. Even in the late cohort, the I5-year survival 
probabiity was related to patient-related factors; those with 
abnormal Ml ventricular function and those with a greater 
number of diseased vessels had a worse 15.year survival 
probability than those without. Previously, we and others 
(IOJI) had demonstrated a worse survival probability for 
patients 265 years old than for younger patients and this 
observation was also demonstrated in the present study. We 
have previously shown (II) that the lower IO-year survival 
probability of those z6S years old can be partly explained 
bv the exnected lower survival orobability of the older 
psrient. . 
. 
The 20.year survival probability of the early cohort was 
33 ? 3% and that of the total cohort wao 38 f 3%. The 
IS-year survival probability of the late cohort was 55 f 2% 
and was signitkntly better than the 47 k 2% of the early 
cohort. This improvement may be expected to persist up to 
20 years and may be more relevant to the expected survival 
of patients operated on in the more recent era. 
The Z&year survival probability and outcome ofthe early 
(1969 to 1973) cohort is similar to that reported by Lawrie 
and co-workers (12) for their patients operated on between 
I%8 and 1975. Because of the “high” rate of graft occlusion 
up to IO years after surgery (20) and progression of disease in 
the native coronary vessels, it had bee” believed that the 
results of coronary bypass surgery would markedly deterio- 
rate atXer the IO-year follow-up period. This has happened 
but only to a limited extent. In our total cohort (I969 to 
19W, the average annual mortality rate in the II to 20.year 
postoperative period was 3SWyear and in the 1st IO yeers it 
averaged Z.‘l%/year. Furtherntore. the incidence of reoper- 
atian and of myocardial infarction increased after IO years 
(Fig. 6a”d 7). However, the probability ofsurviving 2Oyears 
after surgery is 38%, and most ofthe survivors had “oangina 
or only minimal angina. The data of Lawrie et al. (12) are 
similar: at 20 years, 20% to 4G% of patients were alive, 
depending on the extent of coronary disease, and 38% had 
had a reoperation. The higher mortality rate after IO years 
can be partly explained by the late etfects of preoperative left 
ventricular dysfunction and perioperative myocardial infarc- 
tion: the aging ofthe patients; operative morlality associated 
with reoperatio”; occ”rre”ce of late myocardial infarction, 
and progression of coronary and graft vessel disease. How- 
ever, the IS to 20.year results are still very good for several 
reasons. It is likely that the high attrition rates of saphenoos 
vein grafts up to IO years postoperatively demonstrated in 
the early studies (19) were intluenced by the learning phase 
of the prowhue. Advances have included atraumatic bar- 
vesting of the vein, “se of perivenous papaverine, avoidance 
of high distensing pressures, construction of proximal anas- 
tomoses first, greater use of the sapbenous vein below the 
knee or of the short saphenous vein (20) and better tech- 
niques of myocardial protection, which would have favor- 
ably influenced the results of those operated in the mid- and 
late 1970s. 
In the 19809, use of antiplatelet dnrgs, which has bn- 
proved grat? patency rates (21,22), control of hyperlipidemia 
(23) and “se of the internal manmtary artery as a graft 
conduit (24) exerted a further beneficial effect on the results 
of surge&.’ Moreover, other studies showed a better graR 
patency rate than the early studies. For example, the data of 
Lawie et al. (121 showed araft “atencv rates of 68% at 6 to 
10 years and bf 46% at late ti yea& Furthermore, gift 
patency rate is highest for the importrmt I& anterior de- 
scending coronary artery and lowest for the left circumtlex 
coronary artery (25). which would favorably inl7”ence a 
Ia~gerantountofmyocardcardiumat risk(26,27J. In addition, o”e 
or two partially obstructed or “onobsttwted patent g&s 
may be able to revascularize adequate anmutts of myocar- 
dium either directly or through collateral channels (281, 
which would favorably influmce survival and occurrence of 
late myocardial infarction or angina. Funhermore, the in- 
creasing incidence of reopetntio” would also improve long- 
term survival. 
To summarize, the results of coronary bypass surgery “p 
to 20 years later are better than the predictions based on 
earl7 studies of graft wclusio” for several reasons. 1) In 
those early studies the surgical techniques were probably not 
optimal and Some of the patients studied may have been 
selected. 2) Increasing use has bee” made of the internal 
mammary ariery as a graft conduit. 3) Postoperative “tan- 
agement has improved. 4) Grat? occlusion does not “eces- 
wily “tea” no myocardial blood flow. As lo”g as some 
blood flow persists either through a partially wcluded vessel 
or collateral vessels, or both, myowdial and cardiac func- 
tion may be preserved. 5) Each coronary artery should not 
be assigned an equal degree of importance; thus, grail 
occlusions LO differen; coronary arteries may have dierent 
clinical consequences. All of these are possible factors that 
have contributed to a good outcome up to 20 years a&r 
sargety. However, it needs to be emphasized that oar 
patients did not undergo routine postoperative graft and 
coronary angiography either initially or sequentially. 
Although women experienced a statistically significant 
higher op&ative mort&ty rate, lower long-ten” &ival 
probability and less relief of angina than did me”, the 
dhTere”ces were small and pmbably not clinically mean& 
ful. Therefore. one should not dew or restrict the use of 
coronary bypass surgery in worn& provided the usual 
IACC “Ol. 21. NO. I 
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indications for surgery are present; thus one can avoid “the 
Yentl syndrome” (29). 
